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(57) ABSTRACT 

A method and apparatus for managing a flight control surface 
system. A leading edge device is moved on a leading edge 
from an undeployed position to a deployed position. The 
leading edge device has an outer surface, an inner surface, and 
a deformable fairing attached to the leading edge device such 
that the deformable fairing covers at least a portion of the 
inner surface. The deformable fairing changes from a 
deformed shape to an original shape when the leading edge 
device is moved to the deployed position. The leading edge 
device is then moved from the deployed position to the unde- 
ployed position, wherein the defonnable fairing changes 
from the original shape to the deformed shape. 

18 Claims, 8 Drawing Sheets 
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METHOD AND APPARATUS FOR A LEADING 
EDGE SLAT ON A WING OF AN AIRCRAFT 

The invention described herein was made in the perfor- 
mance of work under NASA Contract No. NASI- 5 
NNL04AA11B TASK NNL08AD73T and is subject to the 
provisions of Section 305 of the National Aeronautics and 
Space Act of 1958 (72 Stat.435: 42 U.S.C. 2457.). 

CROSS REFERENCE TO RELATED 1° 

APPLICATION 

The present disclosure is related to the following patent 
application: entitled “Moveable Leading Edge Device for a 
Wing”, Ser. No. 12/505,065, filed even date hereof, assigned 15 
to the same assignee, and incorporated herein by reference. 

BACKGROUND INFORMATION 

1. Field 20 

The present disclosure relates generally to aircraft and, in 

particular, to control surfaces for aircraft. Still more particu- 
larly, the present disclosure relates to a method and apparatus 
for a leading edge device on a wing of an aircraft. 

2. Background 25 

The wings of an aircraft are designed to generate lift as the 

aircraft moves. The configuration of a wing during flight at a 
cruising altitude may not provide sufficient lift at slower 
speeds when the aircraft is landing as control surfaces are 
used to change the configuration of an aircraft to provide lift 30 
augmentation. 

Leading edge devices are commonly used to provide this 
additional lift. Leading edge devices are extensions of the 
front of a wing. These devices are used to reduce a stalling 
speed by altering the airflow over the wing. 35 

An example of a leading edge device is a slat. Slats may be 
fixed or moveable. A retractable slat, as commonly used in 
commercial aircraft, provides for a reduced stalling speed at 
takeoff and landing. These slats are retracted for cruising to 
provide increased performance. An example of other control 40 
surfaces that are used to increase lift during takeoffs and 
landings are trailing devices, such as flaps. 

With legislative controls on the amount of noise generated 
by aircraft, aircraft manufacturers and operators have devel- 
oped and implemented quieter aircraft and better operating 45 
procedures. Aircraft manufacturers have focused on many 
different aspects of noise generated by an aircraft. For 
example, manufacturers have developed high-bypass turbo 
fan engines, which are quieter than the turbo jet engines and 
low-bypass turbo fans in previous aircraft models. Addition- 50 
ally, manufacturers have focused on other noise generation 
sources in an aircraft. 

One currently available solution for reducing noise 
involves using a leading edge flap, which provides reduced 
noise as compared to a slat that extends . This device, however, 55 
reduces the amount of lift that can be generated as compared 
to using extendable slats. 

Therefore, it would be advantageous to have a method and 
apparatus that takes into account one or more of the issues 
discussed above. 60 

SUMMARY 

In one advantageous embodiment, an apparatus comprises 
a leading edge device having an outer surface and an inner 65 
surface and a deformable fairing attached to the leading edge 
device such that the deformable fairing covers at least a por- 
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tion of the inner surface. The deformable fairing has an origi- 
nal shape when the leading edge device is in a deployed 
position and a deformed shape when the leading edge device 
is in an undeployed position. 

In another advantageous embodiment, a flight control sur- 
face system comprises a slat having an outer surface and an 
inner surface, a deformable fairing attached to the slat such 
that the deformable fairing covers at least a portion of the 
inner surface, a wing having a leading edge, and an actuator 
system. The deformable fairing is comprised of a shape 
memory alloy. The deformable fairing has an original shape 
when the slat is in a deployed position and a defonned shape 
when the slat is in an undeployed position. The slat is move- 
ably attached to the leading edge of the wing. The actuator 
system is configured to move the slat between the deployed 
position and the undeployed position. 

In yet another advantageous embodiment, a method is 
present for managing a flight control surface system. A lead- 
ing edge device is moved on a leading edge from an unde- 
ployed position to a deployed position. The leading edge 
device has an outer surface, an inner surface, and a deform- 
able fairing attached to the leading edge device such that the 
deformable fairing covers at least a portion of the inner sur- 
face. The deformable fairing changes from a deformed shape 
to an original shape when the leading edge device is moved to 
the deployed position. The leading edge device is then moved 
from the deployed position to the undeployed position, 
wherein the deformable fairing changes from the original 
shape to the defonned shape. 

The features, functions, and advantages can be achieved 
independently in various embodiments of the present disclo- 
sure or may be combined in yet other embodiments in which 
further details can be seen with reference to the following 
description and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features believed characteristic of the advanta- 
geous embodiments are set forth in the appended claims. The 
advantageous embodiments, however, as well as a preferred 
mode of use, further objectives, and advantages thereof, will 
best be understood by reference to the following detailed 
description of an advantageous embodiment of the present 
disclosure when read in conjunction with the accompanying 
drawings, wherein: 

FIG. 1 is a diagram illustrating an aircraft manufacturing 
and service method in accordance with an advantageous 
embodiment; 

FIG. 2 is a diagram of an aircraft in which an advantageous 
embodiment may be implemented; 

FIG. 3 is a diagram of a surface control environment in 
accordance with an advantageous embodiment; 

FIG. 4 is a diagram of an aircraft in which an advantageous 
embodiment may be implemented; 

FIG. 5 is a diagram illustrating a portion of a wing with a 
flight control surface system in accordance with an advanta- 
geous embodiment; 

FIG. 6 is a diagram illustrating deployment of a leading 
edge device in accordance with an advantageous embodi- 
ment; 

FIG. 7 is a diagram illustrating a flight control surface in a 
deployed position in accordance with an advantageous 
embodiment; 

FIG. 8 is a diagram illustrating stowing of a flight control 
surface system in accordance with an advantageous embodi- 
ment; 
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FIG. 9 is a diagram illustrating a flight control surface 
system associated with a wing in accordance with an advan- 
tageous embodiment; 

FIG. 10 is a diagram illustrating a leading edge device in a 
partially-deployed position in accordance with an advanta- 
geous embodiment; 

FIG. 11 is a diagram illustrating a fully-deployed leading 
edge device in accordance with an advantageous embodi- 
ment; and 

FIG. 12 is a flowchart of a process for managing a flight 
control surface system in accordance with an advantageous 
embodiment. 

DETAILED DESCRIPTION 

Referring more particularly to the drawings, embodiments 
of the disclosure may be described in the context of aircraft 
manufacturing and service method 100 as shown in FIG. 1 
and aircraft 200 as shown in FIG. 2. Turning first to FIG. 1, a 
diagram illustrating an aircraft manufacturing and service 
method is depicted in accordance with an advantageous 
embodiment. During pre-production, aircraft manufacturing 
and service method 100 may include specification and design 
102 of aircraft 200 in FIG. 2 and material procurement 104. 

During production, component and subassembly manufac- 
turing 106 and system integration 108 of aircraft 200 in FIG. 
2 takes place. Thereafter, aircraft 200 in FIG. 2 may go 
through certification and delivery 110 in order to be placed in 
service 112. While in service by a customer, aircraft 200 in 
FIG. 2 is scheduled for routine maintenance and service 114, 
which may include modification, reconfiguration, refurbish- 
ment, and other maintenance or service. 

Each of the processes of aircraft manufacturing and service 
method 100 may be performed or carried out by a system 
integrator, a third party, and/or an operator. In these examples, 
the operator may be a customer. For the purposes of this 
description, a system integrator may include, without limita- 
tion, any number of aircraft manufacturers and major-system 
subcontractors; a third party may include, without limitation, 
any number of venders, subcontractors, and suppliers; and an 
operator may be an airline, leasing company, military entity, 
service organization, and so on. 

With reference now to FIG. 2, a diagram of an aircraft is 
depicted in which an advantageous embodiment may be 
implemented. In this example, aircraft 200 is produced by 
aircraft manufacturing and service method 100 in FIG. 1 and 
may include airframe 202 with a plurality of systems 204 and 
interior 206. Examples of systems 204 include one or more of 
propulsion system 208, electrical system 210, hydraulic sys- 
tem 212, and environmental system 214. Any number of other 
systems may be included. Although an aerospace example is 
shown, different advantageous embodiments may be applied 
to other industries, such as the automotive industry. 

Apparatus and methods embodied herein may be 
employed during at least one of the stages of aircraft manu- 
facturing and service method 100 in FIG. 1. As used herein, 
the phrase “at least one of’, when used with a list of items, 
means that different combinations of one or more of the listed 
items may be used and only one of each item in the list may be 
needed. For example, “at least one of item A, item B, and item 
C” may include, for example, without limitation, item A or 
item A and item B. This example also may include item A, 
item B, and item C or item B and item C. 

In one illustrative example, components or subassemblies 
produced in component and subassembly manufacturing 106 
in FIG. 1 may be fabricated or manufactured in a manner 
similar to components or subassemblies produced while air- 
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craft 200 is in service 112 in FIG. 1. As yet another example, 
a number of apparatus embodiments, method embodiments, 
or a combination thereof may be utilized during production 
stages, such as component and subassembly manufacturing 
5 106 and system integration 108 in FIG. 1. 

A number, when referring to items, means one or more 
items. For example, a number of apparatus embodiments is 
one or more apparatus embodiments. A number of apparatus 
embodiments, method embodiments, or a combination 
to thereof may be utilized while aircraft 200 is in, for example, 
without limitation, component and subassembly manufactur- 
ing 106, system integration 108, and/or during maintenance 
and service 114 in FIG. 1. 

For example, one or more of the different advantageous 
15 embodiments may be used to replace currently used flaps on 
aircraft 200 with those in accordance with one or more advan- 
tageous embodiments. The use of a number of the different 
advantageous embodiments may substantially expedite the 
assembly of or reduce the cost of aircraft 200. Further, the 
20 different advantageous embodiments also may reduce the 
noise that may be generated by aircraft 200 while aircraft 200 
is in service 112. 

The different advantageous embodiments recognize and 
take into account a number of different considerations. For 
25 example, the different advantageous embodiments recognize 
and take into account that noise generated by a leading edge 
device is not just caused by the gap between the leading edge 
device and the wing when the leading edge device is extended 
but also by the shape of the leading edge device. 

30 The different advantageous embodiments recognize and 
take into account that the imier surfaces or coves of leading 
edge devices, such as slats, have strong vortex recirculation 
regions. In other words, the air may circulate in a circular 
vortex-type shape. This circulation may increase the amount 
35 of noise created when the slat is extended during landings and 
takeoffs. The different advantageous embodiments recognize 
and take into account that this noise may be reduced by 
changing the design of a slat to reduce or eliminate this air 
recirculation on the inner surface of the slat. 

40 Thus, one or more of the advantageous embodiments pro- 
vide a method and apparatus for a leading edge device. The 
apparatus comprises a leading edge device having an outer 
surface and an inner surface. A deformable fairing is attached 
to the leading edge device such that the deformable fairing 
45 covers at least a portion of the imier surface. The deformable 
fairing has an original shape when the leading edge device is 
in a deployed position and a deformed shape when the leading 
edge device is in an undeployed position. The deformable 
fairing may reduce undesirable airflow that may occur if the 
50 imier surface is not at least partially covered by the deform- 
able fairing. 

With reference now to FIG. 3, a diagram of a surface 
control environment is depicted in accordance with an advan- 
tageous embodiment. Surface control environment 300 in 
55 FIG. 3 may be implemented in an aircraft, such as aircraft 200 
in FIG. 2. In this illustrative example, wing 302 has flight 
control surface system 304. Flight control surface system 304 
comprises leading edge device 306, deformable fairing 308, 
actuator system 310, and/or other suitable components. In 
60 this illustrative example, leading edge device 306 takes the 
form of slat 312. 

Leading edge device 306 may have outer surface 314 and 
inner surface 316. In these examples, leading edge device306 
may have undeployed position 318 and deployed position 
65 320. In undeployed position 318, outer surface 314 may be 
exposed to airflow 321, and imier surface 316 may be unex- 
posed to airflow 321 . When leading edge device 306 is moved 
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into deployed position 320, inner surface 316 would be 
exposed to airflow 321 without deformable fairing 308. 

Deformable fairing 3 08 covers at least portion 322 of inner 
surface 316 in a manner that reduces and/or eliminates undes- 
ired airflow 324 over leading edge device 306. By reducing or 
eliminating undesired airflow 324, noise 326, which may be 
generated by imdesired airflow 324, also may be reduced. 

In these illustrative examples, deformable fairing 308 may 
be formed from number of flexible panels 328. For example, 
a number of flexible panels is one or more flexible panels. 
Number of flexible panels 328 in deformable fairing 308 may 
be configured to give deformable fairing 308 original shape 
330 and/or deformed shape 332. 

Deformable fairing 308 is associated with leading edge 
device 306. A first component may be considered to be asso- 
ciated with a second component by being secured to the 
second component, bonded to the second component, fas- 
tened to the second component, and/or connected to the sec- 
ond component in some other suitable manner. The first com- 
ponent also may be considered to be associated with the 
second component by being formed as part of and/or an 
extension of the second component. 

Deformable fairing 308 has original shape 330 when lead- 
ing edge device 306 is in deployed position 320. When lead- 
ing edge device 306 is in deployed position 320 and deform- 
able fairing 308 has original shape 330, space 333 may be 
present between deformable fairing 308 and inner surface 
316. Deformable fairing 308 changes to deformed shape 332 
when leading edge device 306 is moved against structure 334 
in wing 302 by actuator system 310. 

Actuator system 310 comprises number of actuators 336 
and slide system 338. Number of actuators 336 may provide 
the force to move leading edge device 306. Number of actua- 
tors 336 may be, for example, a number of linear actuators. 
Slide system 338 is configured to guide leading edge device 
306 during movement between undeployed position 318 and 
deployed position 320. For example, without limitation, slide 
system 338 may comprise a number of rails that move along 
rollers. In this manner, these and/or other suitable compo- 
nents within actuator system 310 are configured to move 
leading edge device 306 between deployed position 320 and 
undeployed position 318. 

In these illustrative examples, actuator system 310 may be 
implemented using currently available actuator systems for 
moving slats. In these illustrative examples, the same actuator 
system used to move slats may be used with leading edge 
device 306 in these examples. For example, a slat may be 
removed, and leading edge device 306 may be put in place of 
the slat. 

In these illustrative examples, structure 334 contacts 
deformable fairing 308. As leading edge device 306 moves 
into undeployed position 318, force is exerted on deformable 
fairing 308 by structure 334 causing deformable fairing 308 
to take deformed shape 332. In this illustrative example, 
structure 334 may be leading edge 340 of wing 302. Leading 
edge device 306 may move in a manner to become adjacent to 
or integrate into leading edge 340 of wing 302 when moved 
into undeployed position 318. 

In these illustrative examples, number of flexible panels 
328 may be comprised of materials selected from at least one 
of a shape memory alloy, a nickel-titanium alloy, nitinol, 
aluminum, titanium, steel, a plastic, a synthetic composite, a 
polyurethane, a metal, a metal alloy, and/or other suitable 
materials. Further, number of flexible panels 328 may have a 
shape or pattern designed to cover at least portion 322 of imier 
surface 316. When a shape memory alloy is used, the shape 
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memory alloy may be selected as one that has what are com- 
monly referred to as super elastic characteristics. 

For example, a shape memory alloy may be selected that 
has a capability to retain or substantially retain an original 
5 shape from a deformed state when the mechanical load that 
causes the deformation is withdrawn. In some shape memory 
alloys, the recoverable strains may be on the order of around 
eight percent to around 10 percent. This type of recoverable 
strain is an example of one characteristic that may be used to 
10 identify a shape memory alloy as being super elastic. 

Of course, other materials may be used other than shape 
memory alloys. When other materials are used, these materi- 
als may be, for example, selected as ones having an adequate 
15 yield strain level. For example, without limitation, number of 
flexible panels 328 may be aluminum alloys, titanium alloys, 
and other suitable materials. 

In this illustrative example, inner surface 316 has shape 
344, which may be configured to be received by structure 334. 
20 Deformable fairing 308 may substantially conform to shape 
344 when leading edge device 306 is moved into undeployed 
position 3 18. Shape 344 maybe curved or referred to as a cove 
to abut or move against structure 334. Also, in some advan- 
tageous embodiments, deformable fairing 308 also may 
25 include coating 346. 

Coating 346 may be a coating used to reduce friction that 
may occur when deformable fairing 308 is pushed against 
leading edge surface 345 of structure 334. In these illustrative 
examples, coating 346 may be, for example, a layer of 
30 Teflon® and/or any other suitable material that may reduce 
rubbing or friction. In the illustrative examples, structure 334 
may be referred to as the leading edge of a main wing section. 

In the different advantageous embodiments, flight control 
surface system 304 may be installed during the manufactur- 
35 ing and assembly of new aircraft. Further, flight control sur- 
face system 304 may be installed during maintenance or 
refurbishment of aircraft. For example, leading edge device 
306 may be used to replace currently existing slats. This 
replacement may occur without a need to change other struc- 
40 tures in flight control surface system 304. For example, the 
current actuator system, track system, and/or other compo- 
nents may be used with few or no modifications. 

The illustration of surface control environment 300 in FIG. 
3 is not meant to imply physical or architectural limitations to 
45 the manner in which different advantageous embodiments 
may be implemented. Other components in addition to and/or 
in place of the ones illustrated may be used. Some compo- 
nents may be unnecessary in some advantageous embodi- 
ments. Also, the blocks are presented to illustrate some func- 
50 tional components. One or more of these blocks may be 
combined and/or divided into different blocks when imple- 
mented in different advantageous embodiments. 

For example, in some advantageous embodiments, pres- 
sure system 348 may be used with deformable fairing 308. 
55 Pressure system 348 may be configured to change deformable 
fairing 308 between original shape 330 and deformed shape 
332. For example, pressure system 348 may take the form of 
a spring system, an air pressure system, and/or some other 
suitable type of pressure system. 

60 As a specific example, when deformable fairing 308 is 
comprised of a material that is not a shape memory alloy, 
pressure system 338 may take the form of a spring system. As 
a spring system, pressure system 338 allows deformable fair- 
ing to move between original shape 330 and defonned shape 
65 332. Further, in some advantageous embodiments, pressure 
system 348 may take the form of an air pressure system that 
changes deformable fairing 308 to original shape 330 at a 
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pressure higher than the pressure at which deformable fairing 
308 changes to deformed shape 332. 

In yet other advantageous embodiments, an additional 
number of leading edge devices with deformable fairings may 
be used in addition to leading edge device 306 in deformable 5 
fairing 308. Although the different advantageous embodi- 
ments have been shown with respect to a leading edge device, 
other advantageous embodiments may be applied to a trailing 
edge device. As another example, although flight control sur- 
face system 304 is described with respect to leading edge to 
device 306, the different advantageous embodiments may be 
applied to other types of edge devices. For example, the 
different advantageous embodiments may be applied to trail- 
ing edge device 350. More specifically, as an illustrative 
example, trailing edge device 350 may take the form of slat 15 
352. 

With reference now to FIG. 4, a diagram of an aircraft is 
depicted in which an advantageous embodiment may be 
implemented. Aircraft 400 is an example of an aircraft in 
which a surface control system may be implemented. In this 20 
illustrative example, aircraft 400 has wings 402 and 404 
attached to body 406. Aircraft 400 includes wing mounted 
engine 408, wing mounted engine 410, and tail 412. 

In these illustrative examples, surface control environment 
300 in FIG. 3 may be implemented to provide surface control 25 
systems for wing 402 and wing 404. For example, slat sys- 
tems 414, 416, 418, 420, 422, and 424 may be implemented 
on leading edges 426 and 428 of wings 402 and 404. These 
flight control systems may be implemented using flight con- 
trol surface system 304 in FIG. 3. In some advantageous 30 
embodiments, all of the systems may be referred to collec- 
tively as a single flight control surface system. 

Turning to FIGS. 5-8, diagrams illustrating a surface con- 
trol system on the leading edge of a wing are depicted in 
accordance with an advantageous embodiment. These figures 35 
are presented to provide an illustration of a number of con- 
ceptual features for an implementation of surface control 
environment 300. In these illustrative examples, other mecha- 
nisms, such as tracks, an actuation system, rollers, and/or 
other components are not shown to more clearly illustrate 40 
some of the different features in flight control surface system 
304 in FIG. 3. 

With reference now to FIG. 5, a diagram illustrating a 
portion of a wing with a flight control surface system is 
depicted in accordance with an advantageous embodiment. In 45 
this example, a cross-sectional view of a portion of wing 500 
is illustrated. Wing 500 is an example of a wing, such as wing 
402 or wing 404 in FIG. 4. 

In this illustrative example, wing 500 has top surface 502 
and bottom surface 504. Leading edge 506 of wing 500 is 50 
shown in this partial view. Additionally, flight control surface 
system 508 also can be seen. Flight control surface system 
508 includes leading edge device 510 and deformable fairing 
512. Flight control surface system 508 is an example of one 
implementation for flight control surface system 304 in FIG. 55 
3. For example, leading edge device 510 and deformable 
fairing 512 are examples of implementations for leading edge 
device 306 and deformable fairing 308 in FIG. 3. 

In this depicted example, leading edge device 510 is shown 
in an undeployed position. Deformable fairing 512 is associ- 60 
ated with leading edge device 510. In this illustration, 
deformable fairing 512 is shown in a deformed shape. 

Leading edge device 510 has outer surface 514 and inner 
surface 516. As can be seen in this illustrative example, 
defonnable fairing 512 covers at least a portion of inner 65 
surface 516. Depending on the particular implementation, 
deformable fairing 512 covers, but may not seal, the portion 
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of inner surface 516. In some advantageous embodiments, a 
seal may actually be present. Inner surface 516 and deform- 
able fairing 512 in its deformed shape are configured to sub- 
stantially conform to leading edge surface 520 of leading 
edge 506 of wing 500. 

In this example, space 522 may be present between 
deformable fairing 512 and inner surface 516 in the unde- 
ployed position. In other advantageous embodiments, space 
522 may not be present when leading edge device 510 is in an 
undeployed position. In this example, leading edge device 
510 may take the form of a slat. When in the undeployed 
position, the slat may be referred to as being in a stowed or 
cruise flight condition. 

Turning now to FIG. 6, a diagram illustrating deployment 
of a leading edge device is depicted in accordance with an 
advantageous embodiment. In this illustrative example, lead- 
ing edge device 51 0 is shown moving in the direction of arrow 
600 and arrow 602. In other words, leading edge device 510 is 
being extended and lowered with respect to leading edge 506 
of wing 500. As can be seen in this illustrative example, 
deformable fairing 512 changes shape from the deformed 
shape towards the original shape as leading edge device 510 
with defonnable fairing 512 moves away from leading edge 
506. 

Turning now to FIG. 7, a diagram illustrating a flight con- 
trol surface in a deployed position is depicted in accordance 
with an advantageous embodiment. In this illustrative 
example, leading edge device 510 has been fully extended 
and lowered with respect to leading edge 506 of wing 500. In 
this position, leading edge device 51 0 is in a deployed posi- 
tion. 

As can be seen, deformable fairing 512 has substantially 
returned to the original shape. With this shape, airflow occurs 
over surface 700 of deformable fairing 512 instead of inner 
surface 516 of leading edge device 510. In this manner, 
undesired airflow over inner surface 516 may be reduced 
and/or avoided. With this change in airflow, the amount of 
noise generated by the deployment of leading edge device 
510 also may be reduced. 

The shape of deformable fairing 512 may vary, depending 
on the particular implementation. The shape of deformable 
fairing 512 is selected in the illustrative examples to reduce or 
eliminate undesired airflow over inner surface 516. This 
undesired airflow is the airflow that occurs when leading edge 
device 510 is in a position for an angle of attack having 
maximum lift in these illustrative examples. 

The original shape for deformable fairing 512 may be any 
shape that may reduce and/or eliminate undesired airflow 
around leading edge device 510 when leading edge device 
510 is deployed. 

Turning now to FIG. 8, a diagram illustrating stowing of a 
flight control surface system is depicted in accordance with an 
advantageous embodiment. In this example, leading edge 
device 510 is being moved back to the undeployed position. 
As can be seen in this illustrative example, defonnable fairing 
512 has force applied to defonnable fairing 512 in the direc- 
tion of arrow 800 by leading edge 506. Force 800 causes 
deformable fairing 512 to change shape from the original 
shape to a deformed shape. The defonned shape is configured 
to allow defonnable fairing 512 and inner surface 516 of 
leading edge device 510 to move against leading edge surface 
520 of leading edge 506 of wing 500. 

Turning now to FIG. 9, a diagram illustrating a flight con- 
trol surface system associated with a wing is depicted in 
accordance with an advantageous embodiment. In this illus- 
trative example, a portion of wing 900 is depicted in accor- 
dance with an advantageous embodiment. Wing 900 is a 
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cross-sectional view of a wing such as, for example, wing 402 
or wing 404 in FIG. 4. In this example, leading edge 902 is 
shown for wing 900. 

Flight control surface system 904 is shown in this example 
as being associated with wing 900. Flight control surface 5 
system 904 includes leading edge device 906, deformable 
fairing 908, and actuator system 910. As can be seen in this 
example, leading edge device 906 is shown in undeployed 
position 912. 

In this example, leading edge device 906 has outer surface to 
920 and inner surface 922. Deformable fairing 908 covers at 
least a portion of inner surface 922. In this illustrative 
example, actuator system 910 may comprise a linear actuator. 

Turning now to FIG. 10, a diagram illustrating a leading 
edge device in a partially-deployed position is depicted in 15 
accordance with an advantageous embodiment. In this 
example, leading edge device 906 is shown in partially-de- 
ployed position 1000. As can be seen, leading edge device 
906 has been moved in the direction of arrow 1002 and arrow 
1004 by actuator system 910. 20 

In this view, deformable fairing 908 has been changed from 
the deformed shape to the original shape. This change in 
shape of deformable fairing 908 occurs in this example 
because the mechanical force against deformable fairing 908 
provided by leading edge 902 of wing 900 is no longer 25 
present. Space 1006 is present between deformable fairing 
908 and inner surface 922 of leading edge device 906. Actua- 
tor system 910 may extend through deformable fairing 908. 

In other words, a hole or other opening may be present in 
deformable fairing 908 to allow for a portion of actuator 30 
system 910 to be connected or otherwise associated with 
leading edge device 906. A gasket or other seal may be 
employed around the opening to reduce undesired airflow. 

In these examples, deformable fairing 908 is configured to 
return to the original shape through the use of materials such 35 
as, for example, without limitation, aluminum, titanium, 
steel, a plastic, a polyurethane, a synthetic composite, a metal, 
a metal ally, and/or a shape memory alloy. The shape memory 
alloy may be, for example, without limitation, nitinol, a 
nickel-titanium alloy, or some other suitable material. As can 40 
be seen, deformable fairing 908 has a shape that may reduce 
and/or eliminate undesired airflow around inner surface 922. 
Deformable fairing 908 is designed to reduce an undesired 
noise that may be caused by the movement of air over leading 
edge device 906 in partially-deployed position 1000. 45 

Turning now to FIG. 11, a diagram illustrating a fully- 
deployed leading edge device is depicted in accordance with 
an advantageous embodiment. In this example, leading edge 
device 906 is now in deployed position 1100. In this position, 
the airflow around leading edge device 906 and deformable 50 
fairing 908 may be such that wing 900 provides increased lift. 
Additionally, a reduction in noise also occurs as compared to 
currently used slats for leading edge devices. 

The illustrations of the flight control surface systems in 
FIGS. 5-11 have been provided only as examples of flight 55 
surface control systems in some advantageous embodiments. 

In other advantageous embodiments, the flight control sur- 
face systems may have different shapes and/or configura- 
tions. For example, in some advantageous embodiments, a 
slide system may be used in addition to the linear actuator 60 
used in actuator system 910. 

Turning now to FIG. 12, a flowchart of a process for man- 
aging a flight control surface system is depicted in accordance 
with an advantageous embodiment. The process illustrated in 
FIG. 12 may be implemented in surface control environment 65 
300 in FIG. 3 using flight control surface system 304 in FIG. 
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The process begins by determining whether a condition is 
present in which the leading edge device should be deployed 
(operation 1200). This condition may be, for example, prepa- 
ration for a takeoff or a landing of an aircraft. If the condition 
is not present, the process terminates. If the condition is 
present that requires deployment of the leading edge device, 
the process extends and lowers the leading edge device on a 
wing of an aircraft into a deployed position (operation 1202). 

In operation 1202, a deformable fairing covers the inner 
surface of the leading edge device. The deformable fairing 
changes from a deformed shape to an original shape as the 
leading edge device is moved into the deployed position. In 
these illustrative examples, the movement of the leading edge 
device is an extension and lowering of the leading edge device 
with respect to the leading edge of the wing. Of course, in 
some advantageous embodiments, the leading edge device 
may only be extended without lowering the leading edge 
device. 

A determination is then made as to whether a condition is 
present requiring movement of the leading edge device into 
an undeployed position (operation 1204). If a condition 
requiring movement of the leading edge device into an unde- 
ployed position is present, the leading edge device on the 
wing is moved from the deployed position into the unde- 
ployed position (operation 1206). This movement of the lead- 
ing edge device causes the defonnable fairing to change to the 
deformed shape. This change in shape may occur as the 
deformable fairing encounters force that may be caused by 
the leading edge of the wing. 

With reference again to operation 1 204, if a condition is not 
present requiring movement of the leading edge device from 
the deployed position to the undeployed position, the process 
terminates. 

The flowcharts and block diagrams in the different 
depicted embodiments illustrate the architecture, functional- 
ity, and operation of some possible implementations of appa- 
ratus and methods in different advantageous embodiments. In 
this regard, each block in the flowchart or block diagrams may 
represent a module, segment, function, and/or a portion of an 
operation or step. In some alternative implementations, the 
hinction or functions noted in the blocks may occur out of the 
order noted in the figures. For example, in some cases, two 
blocks shown in succession may be executed substantially 
concurrently, or the blocks may sometimes be executed in the 
reverse order, depending upon the functionality involved. 

Thus, the different advantageous embodiments provide a 
method and apparatus for a flight control surface system. In 
one or more of the different advantageous embodiments, an 
apparatus comprises a leading edge device and a deformable 
fairing. The leading edge device has an outer surface and an 
inner surface. The defonnable fairing is attached to the lead- 
ing edge device such that the defonnable fairing covers at 
least a portion of the inner surface. 

The defonnable fairing has an original shape when the 
leading edge device is in a deployed position and a deformed 
shape when the leading edge device is in an undeployed 
position. Using one or more of the different advantageous 
embodiments, airflow around the leading edge device may be 
changed in a manner that reduces noise. For example, the 
vertical or swirling airflow that occurs on the inner surface or 
cove of the leading edge device, such as a slat, may be reduced 
or changed in a manner that reduces noise that may occur. 

The description of the different advantageous embodi- 
ments has been presented for purposes of illustration and 
description, and it is not intended to be exhaustive or limited 
to the embodiments in the form disclosed. Many modifica- 
tions and variations will be apparent to those of ordinary skill 
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in the art. Further, different advantageous embodiments may 
provide different advantages as compared to other advanta- 
geous embodiments. 

Although the different advantageous embodiments have 
been described with respect to aircraft, the different advanta- 5 
geous embodiments may be applied to other types of plat- 
forms. For example, without limitation, other advantageous 
embodiments may be applied to a submarine, a personnel 
carrier, a spacecraft, a surface ship, and/ or some other suitable 
object. to 

The embodiment or embodiments selected are chosen and 
described in order to best explain the principles of the 
embodiments, the practical application, and to enable others 
of ordinary skill in the art to understand the disclosure for 
various embodiments with various modifications as are suited 1 5 
to the particular use contemplated. 

What is claimed is: 

1. An apparatus comprising: 

a leading edge device having an outer surface and an inner 
surface, the outer surface being farther from, and the 20 
inner surface being nearer to, a structure connected to an 
actuator, the actuator configured to deploy the leading 
edge device away from the structure and to remove a 
mechanical load from a fairing when the leading edge 
device is in a deployed position; and 25 

the fairing, attached to the leading edge device such that the 
fairing is configured to cover at least a portion of the 
inner surface, the fairing configured in an original shape, 
wherein the original shape comprises a solid form com- 
prising a yield strain level adequate to return the fairing 30 
to the original shape, from a deformed shape that occurs 
when the leading edge device is in an undeployed posi- 
tion. 

2. The apparatus of claim 1 further comprising: 

the structure being a wing, wherein the leading edge device 35 
is moveably attached to the wing. 

3. The apparatus of claim 2 further comprising: 

a leading edge surface on the wing, wherein the fairing is 
configured to change from the original shape to the 
deformed shape when the fairing is pushed against the 40 
leading edge surface when moving into the undeployed 
position. 

4. The apparatus of claim 3, wherein the fairing is com- 
prised of a layer of a shape memory alloy and a coating 
configured to reduce wear on at least one of the fairing and the 45 
leading edge surface. 

5. The apparatus of claim 1, wherein the fairing with the 

original shape reduces noise caused by air flowing over the 
leading edge device when the leading edge device is in the 
deployed position. 50 

6. The apparatus of claim 1, wherein the leading edge 

device is configured to cause a change in airflow that 
increases lift of an aircraft when the leading edge device is in 
the deployed position as compared to the undeployed posi- 
tion. 55 

7. The apparatus of claim 1, wherein a space is present 
between the fairing and the inner surface when the leading 
edge device is in the deployed position. 

8. The apparatus of claim 1, wherein the actuator com- 
prises: 60 

a number of actuators; and 

a slide system. 


9. The apparatus of claim 1, wherein the fairing is com- 
prised of a material selected from one of a shape memory 
alloy, a nickel-titanium alloy, nitinol, aluminum, titanium, 
steel, a plastic, a synthetic composite, a polyurethane, a metal, 
and a metal alloy. 

10. The apparatus of claim 1, wherein the leading edge 
device is a slat. 

11. The apparatus of claim 2, wherein the wing is associ- 
ated with a platform. 

12. The apparatus of claim 11, wherein the platform is 
selected from one of an aircraft and a spacecraft. 

13. A flight control surface system comprising: 

a slat having an outer surface and an inner surface, the outer 
surface being farther from, and the inner surface being 
nearer to, a wing; 

a fairing attached to the slat, the fairing configured to cover 
at least a portion of the inner surface, wherein the fairing 
is comprised of a shape memory alloy configured in an 
original shape when the slat is in a deployed position, 
wherein the original shape comprises a solid form com- 
prising a yield strain level adequate to autonomously 
return the fairing to the original shape, from a deformed 
shape that occurs when the slat is in an undeployed 
position; 

the wing having a leading edge, wherein the slat is move- 
ably attached to the leading edge of the wing; and 

an actuator system configured to move the slat between the 
deployed position and the undeployed position, and to 
remove a mechanical load from the deformable fairing 
as the actuator system moves the slat from the unde- 
ployed position to the deployed position. 

14. The flight control surface system of claim 13, wherein 
the wing is associated with a platform selected from one of an 
aircraft and a spacecraft. 

15. An apparatus comprising an edge device having an 
outer surface and an inner surface, the outer surface being 
farther from, and the inner surface being nearer to, a structure 
adjacent to the edge device; 

a fairing attached to the edge device, the fairing configured 
to cover at least a portion of the inner surface, wherein 
the fairing has an original shape, the fairing comprising 
a component configured to autonomously return the fair- 
ing to the original shape, from a deformed state, when 
the edge device is in a deployed position, and a deformed 
shape when the edge device is in an undeployed posi- 
tion; and 

an actuator, the actuator attached to the structure and the 
edge device, and configured to deploy the edge device 
away from the structure and to remove a mechanical 
load from the fairing when the edge device is in the 
deployed position. 

16. The apparatus of claim 15, wherein the edge device is 
selected from one of a leading edge device and a trailing edge 
device. 

17. The apparatus of claim 15, wherein the component is a 
spring system. 

18. The apparatus of claim 15, wherein the component is a 
shape metal alloy comprising a yield strain level adequate to 
return the fairing to the original shape. 





